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SYSTEMS AND METHODS FOR MEASUREMENT 
SYSTEM PERFORMANCE OPTIMIZATION USING MOBILE PROBES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is related to co-owned, co-pending U.S. Patent 
application serial No. 10/306,940, filed on November 27, 2002, entitled "SYSTEMS AND 
METHODS FOR MEASUREMENT AND/OR CONTROL USING MOBILE PROBES, the 
disclosure of which is incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention is related generally to probing systems and methods 
and, more specifically, to systems and methods for measurement system performance 
optimization using mobile probes, 

BACKGROUND OF THE INVENTION 

[0003] In traditional measurement systems, there are typically a finite number of 
fixed measurement devices, all known to and controlled by the measurement system. Generally 
such measurement devices are specifically configured and deployed for use by the measurement 
system at or as near as is practicable to a point at which measurement data is to be collected. 
When a set of measurements is to be made the system typically will download or otherwise 
configure each of these devices via whatever communication medium is provided, e.g., a 
measurement bus such as an IEEE-488 BUS, a local area network (LAN) connection, a serial 
link, or the like. The measurements are then made on command, periodically, or perhaps based 
on a time schedule. Depending on the sophistication of the devices, these measurements may be 
made by the device relatively independently &om the rest of the measurement system. For 
example, a scheduled or periodic data collection, based on an intemal device clock, perhaps 
synchronized to other clocks in the system may be made. Alternatively, devices may require an 
active command fi-om the system for each measurement. The results typically are then delivered 
to the rest of the measurement system via the communication medium. Such measurement 
systems also typically include one or more processors or computers that execute control and 



25287317.1 



1 



Docket No. 10021270-1 

analysis software for the measurement system to construct or modify a model of the 
measurements. 

[0004] One of the key features of these existing systems is that the identity and 
location of each measurement device is known. Typically this infomiation fomis a basis for 
initiating control and for associating any resulting data with real world parameters being 
measured. Accordingly, the device identity, however represented, is often a pseudonym for the 
location of measurement and the resultant measure. Typically users of existing measurement 
systems know what instruments are available, what the instruments' locations are, how to access 
the instruments explicitly, and when data will be returned. Therefore, existing measurement 
systems are relatively closed. 

[0005] Existing measurement systems employ spatial variables gleaned from 
dedicated instruments used to survey an environment variable. For example, a product known as 
WIZARD™, produced by AGILENT TECHNOLOGIES, made specifically for the wireless 
telephone industry, creates a model of the RF field strength around a cell tower or the like. Use 
of this product typically employs the use of dedicated instruments disposed in a vehicle, driven 
around to make spot measurements to verify and refine field strength data models. As another 
example, when the Environmental Protection Agency (EPA) is tracking a plvmie from a 
hazardous chemical spill, mobile air testing may be performed to derive a model of the plume. 

[0006] Existing measurement systems typically employ a centralized location, 
away from the measurement devices, for data processing and model manipulation using the 
collected data. Therefore, a problem arises in that the collected data cannot be applied to the 
model at the point of measurement to improve the quality of the model or data collection, or to 
provide services related to model use. So software hosted by the measurement device, or the 
operator of the probe, cannot base their interaction or behavior on the subject measurement 
model. Typically the device does not have either any of the model or enough of it to make 
decisions. When trying to build models, the unavailability of model information at the 
measurement device can be a disadvantage. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention is directed to systems and methods for improving the 
performance of distributed systems containing measurement probes in which some or all of the 
measurement probes are mobile, that is, not fixed at a given point in space. Embodiments of a 
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performance optimized measurement system comprise at least one mobile measurement device 
hosting at least a portion of a measurement system model. The mobile measurement device is 
preferably enabled to evaluate a measurement taken by the mobile measurement device in light 
of the model for making a determination conceming the measurement, relative to the model. 
Embodiments of methods for measurement system performance optimization in accordance with 
the present invention include: augmenting the model using the measurements; directing a user of 
the mobile measurement device to a different location in response to the evaluation of the 
measurements; refining a location of the mobile measurement device using the model and the 
measurements; or determining one or more best modes of use of the mobile measurement device 
based on the measurements. 

[0008] The above-incorporated U.S. Patent application, serial no. 10/306,940, 
entitled "SYSTEM AND METHOD FOR MEASUREMENT AND/OR CONTROL USING 
MOBILE PROBES" discloses systems and methods for utilizing a pool of mobile devices in 
probing operations comprising a probing host system including probe management and data 
management operative aspects, and a pool of mobile devices, one or more of which are operative 
under control of the probe management to provide probing data to the data management, wherein 
the one or more mobile devices comprise mobile devices for which location and movement is not 
under control of the probing host system. There are a variety of candidate platforms for probes 
of this nature. Presently there are many potential measurement devices that move around, by 
virtue of the public carrying devices that have communication capabilities and measurement 
capabilities. Herein these measurement devices have been termed, mobile measurement devices 
(MMDs). 

[0009] The present systems and methods employ computational techniques based 
on measurements of physical variables by the measurement system, or accessible by the 
measurement system, via the measurement probes and on the spatial distribution of the 
underlying physical variables. Uses and computations for MMD data may include generation of 
a new model or improvement of existing models, spatial guidance to areas where a variable's 
value is more suitable for use by an application, and augmentation of a location service. It is also 
possible, based on a current model and its computed uncertainty and the statistics of the current 
data being collected, to compute which, if any, of these three uses are feasible, or to combine 
uses and/or models. Thus, in a region where the existing model is statistically very precise, such 
as may be determined from past history, either of the latter two modes of operation may be 
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considered. On the other hand, if the model data for a region is of low quality, then the best use 
of the incoming data stream may be to refine the model. 

[0010] The currently collected data and portion of the model resident on the MMD 
may be used to improve the model by measurement-based model generation or to guide some 
behavior, performance guidance based on a spatial model or the like. This may take the form of 
guiding MMD user actions to some goal or the like. Also, the model of some variable and a 
measurement of that variable may be used to refine a position. Various combinations of these 
three broad modes may be achieved in accordance with the present invention. 

[001 1] The foregoing has outlined rather broadly the features and technical 
advantages of the present invention in order that the detailed description of the invention that 
follows may be better understood. Additional features and advantages of the invention will be 
described hereinafter which form the subject of the claims of the invention. It should be 
appreciated by those skilled in the art that the conception and specific embodiment disclosed 
may be readily utiUzed as a basis for modifying or designing other structures for carrying out the 
same purposes of the present invention. It should also be realized by those skilled in the art that 
such equivalent constructions do not depart from the spirit and scope of the invention as set forth 
in the appended claims. The novel features which are believed to be characteristic of the 
invention, both as to its organization and method of operation, together with further objects and 
advantages will be better understood from the following description when considered in 
connection with the accompanying figures. It is to be expressly understood, however, that each 
of the figures is provided for the purpose of illustration and description only and is not intended 
as a definition of the limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a more complete understanding of the present invention, reference is 
now made to the following descriptions taken in conjunction with the accompanying drawing, in 
which: 

[0013] FIGURE 1 is a diagrammatic environmental view of an embodiment of the 
present system; 

[0014] FIGURE 2 is a flow chart of operation of an example of a measurement- 
based model generation and/or augmentation embodiment of the present invention; 
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[0015] FIGURE 3 is a flow chart of operation of an example of an embodiment of 
the present invention for performance guidance-based on a spatial model; 

[0016] FIGURE 4 is a flow chart of operation of an example of an embodiment of 
the present invention for augmenting location determination based on a spatial model; and 

[0017] FIGURE 5 is a flow chart an example of a determination of the use to which 
an MDD is to be put in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] MMDs may be used to measure the value of a physical variable as a 
function of space and time either as their principal function or as a secondary function. The 
measurements are typically used for one of two purposes: to refine the imderstanding and to 
"compute" a model of the spatial temporal distribution of the measured physical variable; or to 
measure the value of the variable, particularly if the principal function of the device depends on 
the value of this variable as part of the operation of the device. Unlike existing models that reside 
at some central location and are inaccessible to an MMD except on a query basis, the present 
invention systems and methods (100), as depicted in FIGURE 1, enable MMD 101 to have either 
a partial or a total model 102 resident within device 101 . This may be accomplished by giving 
MMD 101a representation of the model. That partial representation might be, for example, 
geographic area 104 in which MMD 101 currently resides, or some approximation of the 
geographic area. Such a model may be a partial model because all the data for it has not been 
gathered yet. Model 102, and/or other code, may be placed on MMD 101 by a measurement 
system (103), such as the measurement system disclosed in above-incorporated U.S. Patent 
application, serial no. 10/306,940, entitled "SYSTEM AND METHOD FOR MEASUREMENT 
AND/OR CONTROL USING MOBILE PROBES". Also, in accordance with the present 
invention, MMD 101 may evaluate current measurements 105 and/or augment the portion of a 
model it has resident, and/or a central model, using current measxirements 105. Model 102 
resident on MMD 101 may be significantly compressed so that it is allowed to be used with a 
limited capability and capacity of the devices used as MMDs. With at least a portion of the 
model available within these devices that are being carried around in, from the point of view of 
overall measurement system 103, a random fashion, that portion of the model may be used to 



25287317,1 



5 



Docket No. 10021270-1 

augment the behavior of device 101 or the device's user in various ways, for various purposes, 
some of which may be for the benefit of the user, others may be to benefit system 103. 

[0019] Wireless phones may be the most prevalent example of possible MMDs, a 
device that has communication capabilities, increasingly common computational resources 
available for measurement applications, and measurement capability. In the example of a 
wireless phone, the measurement capability may be built in for measuring properties of the 
phone itself or the communications infi-astructure, or the measurement capability may be 
external, such as a sensor interfaced with a wireless phone via a serial connection or the like. It 
is expected that such capabilities may be found in various other user devices including PDAs, 
cameras and calculators. There are also similar but less ubiquitous devices or collections of 
devices that may be combined, for use as measurement probe, such as telemetry sensors found in 
automobiles and other vehicles such as aircraft, including drones, free floating buoys, etc. Some 
common features of these devices include an ability to communicate at least on an intermittent 
basis with devices outside of themselves; an availability of some computational resources within 
the device to manage the measurement process; access either intemally or extemally to a 
measurement device; and the location and availability of a particular device at any given point in 
time may be determined either fi-om the infi-astructure or fi-om some extemal source. RF 
monitoring and environmental monitoring are used herein as canonical examples. However, as 
will be appreciated by one of ordinary skill in the art, other conditions, vectors or the like may be 
monitored, modeled and used for decision criteria in accordance with the present invention. 

[0020] As long as these devices are moving around they may be employed as 
mobile probes, if they are equipped with the appropriate software and hardware to make 
measxu-ements of interest. However, these devices may not be dedicated devices and their use as 
mobile probes is preferably a secondary fiinction. By way of example, wireless phones have an 
RF field strength meter built in for their own operation. A wireless phone measures the RF 
power received fi-om a given transmitter. In normal operation of the phone, this measured power 
is used to determine which of several possible base stations the phone communicates with. Since 
that meter may be used to measure the strength of an RF field and since owners of cell phones 
move around and use their phones, effective coverage of RF field strength for a wireless phone 
system or cell tower may be measured using wireless phones as MMDs. On a statistical basis, if 
one waits long enough at least one cell phone will move into an area of interest. These 
measurements combined with similar measurements fi^om other phones can also be used to refine 
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the system operator's understanding of the RP coverage in a region, that is the spatial distribution 
of RF power from an antenna. As discussed above, "drive-by" testing may be employed to make 
RF measurements over specific routes, in part through the use of a cell phone to provide inputs to 
RF planning tools such as the aforementioned WIZARD'''^ product from AGILENT 
TECHNOLOGIES. In the case of the WIZARD™ product these measurements are used to adjust 
the free space parameters of a heuristic model. However, when using MMDs in accordance with 
the present invention, software may be downloaded to cell phones to provide other measurement 
related fiinctionality. 

[0021] In principle, MMDs can be used to measure any variable for which an 
appropriate sensor can be devised within the context of the MMD. In addition to other 
parameters of the communication infrastructure, measurements of user behavior or related 
variables may also be made. Other possibilities may include chemical sensors for toxins, 
biological sensors, physical sensors for noise levels, radiation, etc. 

[0022] In accordance with the present invention, additional types of computations 
and uses may be applied to the data collected by MMDs beyond that discussed above. These 
techniques will primarily be discussed below in the context of RF coverage measurements but 
are equally applicable to any measured variable. 

[0023] Existing RF field strength modeling for a cell system is typically based on a 
mixture of heuristic RF models combined with known terrain and antenna locations. It is 
possible, in accordance with the present invention, to generate purely measurement-based 
models to either replace the current models or to provide greater detail within a region. This may 
be particularly valuable in complex regions where the current modeling technology has difficulty 
such as within dense urban areas, sparsely covered remote areas, etc. 

[0024] As discussed above, existing measurement systems centrally collect all data 
and then analyze that data at a later time to form a model. The present invention, given a 
measurement and the model, operates in real time. The present invention provides a manner of 
refining a model as data is collected, in an intelligent fashion, locally, without significant 
communication cost, by employing a portion of the subject model, resident on the MMD. 
Existing systems have not given measurement probes a picture of the thing being measured and 
criteria for improving the resulting model and allowing the devices to refine the model. 
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[0025] FIGURE 2 flowcharts an embodiment for measurement-based model 
generation 200. Embodiment 200 uses a model to improve the model. A partial model is 
downloaded to an MMD at 201 and made resident within the device. Thus, the device has some 
notion of what a variable, for example an RF field strength measurement, should look like as a 
function of space. Generally random measurements are made at 202, within an area of interest 
using the MMD. Each measurement preferably provides a variable of interest, such as a value of 
RF power from a particular anterma, at a point in space and time: Variable(x, y, z, t). At 203, the 
collected data is assembled, the measurements are compared to the resident model and a decision 
is made concerning what to do with the measurement for the purposes of augmenting the model. 
In some cases, the model may not have any data points, and thus measurements taken at 202 are 
initially taken with an immediate goal of improving the quality of this model at 203. A greedy 
algorithm may be applied at 203 to continuously generate/update a local spatial model of the 
underlying variable. Greedy algorithms take advantage of the fact that in many data models not 
all data is equally important. By way of specific example, a constant measurement, such as a 
constant RF field, in a certain area may be repetitive, but measurements to determine the 
boundaries of the area may be needed. Thus, few measurements are needed in the area of such a 
constant. To generalize, it may be found that in a model, such as for an approximation based on 
a number of measurements, nearly the same approximation can be obtained with much fewer 
measurement points, but specifically chosen points, the most representative points of the 
measurement location are desirable. Thus, one can significantly reduce the amount of data 
needed to build the same or about the same quality model. 

[0026] For a model based on the n "most representative" locations out of N 
available, a newly acquired point from 202 may be evaluated at 203 to see whether it reinforces 
or detracts from the statistical quality of the model. If it reinforces the model this is noted at 204; 
if the point detracts then it is evaluated further at 205 to decide whether to discard it at 206 as 
likely faulty or to replace one of the n values at 207 with the newly acquired point, particularly if 
such replacement would give a better model. Preferably n should be selected to meet quality 
requirements for the model. As a third altemative, the newly acquired point may just be added to 
the model at 208, particularly if no information exists for that location of the measurement. The 
model may be represented in the MMD as a collection of already measured data points or as 
some sort of fimctional description. In other words as a fimction of X and Y, for example, given 
X and Y an expected RF field strength, or the like, is provided. So now when a new 
measurement is made for a given location at 202 the MMD may look at the model and make 
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some determination of the worth of the measurement at 203. So, for example, if fifty points have 
akeady been measured at the present location a measurement at 202 may not be considered as 
adding anything to the present model at 203. So when the new measurement is compared with 
what was predicted for this location by the model at 203 and it is roughly within a tolerance level 
for the model, the new measurement can be ignored at 206 because it does not add any 
information to the model. 

[0027] At 203 and/or 205 a determination may be made that the new measurement 
fits in one of several categories, 204, 206, 207 or 208. The new measurement may or may not 
add new information to the model. Statistically at this particular location, if insufficient or too 
little data has been collected to reach the accuracy desired the new data may be treated as 
additional information at 208. If at the model predicts the value which was measured, it may be 
ignored at 206 and it is not added into memory or stored because the model already has the data. 
Altematively, it could be that the data seems to disagree with the existing model, in which case a 
determination may be made at 205 as to whether the data is clearly new information, for 
example, through taking another measurement at the same location. If the new measurement 
violates significantly what the model predicts, it should, depending on the modeling paradigm, 
be included at 208 or included while excluding some other data point in the model which may 
become unnecessary, at 207. Advantageously, if the existing model does not predict the new 
value, but if the new value is included in the model at 207, something else may become 
predictable because some other data in the model is no longer necessary and may be removed at 
207, thereby keeping the model limited in data size. Thus, the present invention may be used to 
improve existing models in an intelligent fashion starting with the premise that a model is in 
place with some analysis, and that model analysis can be used from a mathematical point of view 
to help incorporate new data, either by saying the measurement is not adding any significant 
benefit to this model, the measurements disagree with the model, or the measurement is a new 
point. 

[0028] FIGURE 3 flowcharts an embodiment of the present invention for spatial 
model-based performance guidance 300. A model may be used to enable guiding of something, 
such as the measuring MMD. This guidance may be used to assist in the generation or the 
improvement of the model itself or for facilitating a primary purpose of the MMD, other than a 
measurement function. If a spatial and/or temporal measurement model already exists then that 
model may be downloaded to an MMD and used to guide the performance of the MMD, or its 
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user, in ways other than customary uses, such as the handoff process related to field strength for 
wireless telephones. According to embodiments of the present invention, each MMD is provided 
with a computable form of a measurement model and/or other associated programming at 301, 
for internal use. The MMD may then preferably evaluate, at 303, the value of a variable 
measured at 302, e.g. RF power, at its current location. There may be certain actions the user of 
the MMD might wish to take based on what the model is finding through the measurements 
being taken. If the current value is not adequate then the spatial-temporal model can be used to 
direct the MMD, or its user, to a more favorable space-time point at 304, preferably over the 
"shortest" feasible path. If, for example, the MMD has a measurement program edso resident, 
the MMD could observe the model and detect entry into a region where the data that has been 
previously collected is relatively sparse and it can augment the model at this point. For example, 
the MMD might observe the model has a lot of uncertainty in data at a location because data has 
not been collected in the area. So the software resident on the MMD may increase the rate at 
which data is collected. In a similar manner the model may be used for optimal route planning 
or for facilitating use of the MMD for a primary function. For example if the MMD is a wireless 
phone and the variable measured is RF Field strength, the user could be directed to move to a 
different location for better service. In a radiation or other hazardous condition monitoring mode, 
or the like, the directions provided could be to safer lower exposure areas. 

[0029] In the context of RF drive test data collection, mode of operation 300 could 
lead to more efficient procedures for updating model parameters. For example, if while driving a 
pre-planned route it is observed at 303 that the current data being collected was repetitive and 
consistent with the current model. That is, an insignificant amount of new information was 
being learned. Then the MMD (drive-test vehicle) could be directed at 305 to a region where the 
model had less statistical reliability, such as an area of sparse data. This would allow more 
effective use of expensive drive test resources. 

[0030] An MMD may be augmented to measure radiation levels or another 
hazardous condition or material. A desired behavior the device may demonstrate at 303, in 
accordance with the present invention, is that the model, possibly augmented by current 
measurements, may alert a user he or she is entering a dangerous area. This may be particularly 
useful in dealing with disaster response or military applications. If the MMD has a resident 
model of the dangerous conditions, versus space, then the model and/or related software may 
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direct the user to a safer location or provide directions to lead the user out of the dangerous 
situation via the safest path, maybe not the shortest path, but the safest path using trip planning. 

[0031] Another application for embodiment 300 may be as a tracking function. 
This embodiment may be used to help track where a released substance is going. For example, 
where there has been a release of some pollutant or the like, someone may be sent to measure 
where the pollutant is and he or she may want to keep up with the pollutant so they can follow it 
to track it. So if an MMD operated by the user has a model, such as provided at 301, and the 
user is making measurements at 302, the user may be able to evaluate where he or she is located 
relative to a pollutant plume, or the like, at 303 . The model may indicate the plume should be 
going in a particular direction, the user can test that determination and the model software may 
confirm the plume is moving in that direction or not, and in combination with previous 
measurements, augment the model, as discussed above in relation to embodiment 200. 

[0032] The model, based on current reading or other goals, may influence, for 
example, where the user goes, how fast the measurements are taken, or other parameters based 
on the model. Embodiment 300 uses the model information, and computing fi-om it, provides 
guidance at 304 or 305 on some task that is being carried out by a MMD user, either to make 
more measurements, to go to a specific place, or carry out a task. Embodiment 300 is made 
possible by a model present in the MMD. This embodiment may also use a current measurement 
as an alarm alerting the user of the MMD to a danger, direct the user to ceirry out a task, or 
trigger an inquiry based on the model present in the MMD. 

[0033] FIGURE 4 flowcharts an embodiment of augmenting location determination 
400 based on a spatial model. An MMD is provided a computable version of a model that is 
deemed reliable at 401, wherein spatial gradients of the model variable are significantly well 
defined. The model may be used by the MMD to replace or augment other location defining 
devices or functions. A reliable model present in an MMD, for example a wireless phone with a 
mapping of the RF field strength in an area, may employ a measurement of a variable, such as 
the RF field strength, compared to the model to provide guidance as to a more exact location of 
the MMD and hence its user. A reasonable fix on location is obtained at 402 using conventional 
methods. Then location information may be refined through use of the model at 404 using one 
or more measurements taken at 403. Preferably, embodiment 400 may be used for any type of 
variable where a model has spatial gradients sufficient to differentiate position to the required 
accuracy. 
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[0034] Embodiment 400 provides a user an ability to locate and know where he or 
she is located relative to some variable that is being measured. For example, a person my be 
assigned to remain at some point on the aforementioned pollutant plume, such as someone who 
is to stay at the head of the plume. If this user momentarily loses track of where he or she is, 
they may make a measurement. A model of the plume may provide the most likely place that the 
user may be with respect to the distribution of this gaseous plume, based on that current 
measurement. As may be the case with this gaseous plume example, the model might not be a 
static model, it may be updated from some other source. Similarly, if a user is not in a mode of 
measuring for model enhancement, for example a user in a disaster response management mode 
or the like, updates to the model and use of current measurements may be used to tell the user 
where they are relative to the modeled event or situation. 

[0035] FIGURE 5 flowcharts an embodiment for evaluating 500 data to determine 
which of the prior techniques is applicable. This embodiment may compare the previous three 
embodiments and decide which of the several modes may be the best use of the MMD depending 
on the situation. In an RF example, a wireless phone MMD, unbeknownst to the user, may, at 
502, be comparing its model to measurements it is making at 501, to determine if measurements 
should be used to improve the model. Simultaneously, the MMD could provide guidance at 504 
on a better place for the user to go to make a phone call or make a measurement. Both of these 
actions may be the most appropriate thing depending on some judgment based on the model 
made at 502 . However, as a further example, an application resident on the device may 
determine at 502 if the model is insufficient to provide advice at a location and may go into a 
mode where data is collected to improve the model at 505. On the other hand, if the model is 
relatively complete and accurate, guidance will preferably be provided at 504. Thereby multiple 
modes of using these models are provided in accordance with the present invention, any or all of 
which may be appropriate at any given point in time, or some modes may be ruled out by the 
quality of the data, or other factors, at 502. By way of example, while measuring the 
concentration of hydrogen using an adapted cell phone MMD, the present invention, based on a 
resident model, might disable the phone or otherwise warn the user to not use the phone MMD 
as a phone in an area of high hydrogen concentrations because such use might set the hydrogen 
off. 

[0036] Therefore, the present invention may guide various forms of using the 
model and/or MMD, depending on the combination of the measurements and what the model 
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predicts at one point or another (502). Guidance may be provided from whichever embodiment 
is appropriate, which mode should be used, such as, should a shift into the acquisition mode 
(503) be made or a shift into a use and device mode (504). So more complicated scenarios can 
be built based on having a model available to the MMD. 

[0037] Furthermore, with the computational capability that is provided by cxurent 
cell phones, PDAs and the like, multiple models may be resident on a device with multiple 
measurements being made by the device. So combinations of resident models and/or ongoing 
measurements are possible in accordance with the present invention. For example, the results of 
a phone coverage measurement versus the concentration of dangerous substance models may be 
used to refine a user inquiry for a better phone connection. Thus, when an RF coverage inquiry 
above might result in advice to move into a region of great danger, a combination of the two 
models might result in directions to a location of safety with the best available coverage. As 
another example, when measuring hazardous conditions, the communications at one point might 
not be very good but an RF model might be used to locate a best position from which to forward 
findings. Similar combinations that do not necessarily involve danger but that are more 
favorable from multiple points of view are contemplated. For example, a model that provides 
the density of restaxu-ants as a fimction of position, and another model which gave the density of 
traffic as a function of position within one phone, could act as a guide for finding a restaurant 
without being caught in a traffic jam. In each of the above examples, both models could be 
resident on the wireless phone and in some cases collecting data that augments the models. 

[0038] Although the present invention and its advantages have been described in 
detail, it should be imderstood that various changes, substitutions and alterations can be made 
herein without departing from the spirit and scope of the invention as defined by the appended 
claims. Moreover, the scope of the present application is not intended to be limited to the 
particular embodiments of the process, machine, manufacture, composition of matter, means, 
methods and steps described in the specification. As one of ordinary skill in the art will readily 
appreciate from the disclosure of the present invention, processes, machines, manufacture, 
compositions of matter, means, methods, or steps, presently existing or later to be developed that 
perform substantially the same fiinction or achieve substantially the same result as the 
corresponding embodiments described herein may be utilized according to the present invention. 
Accordingly, the appended claims are intended to include within their scope such processes, 
machines, manufacture, compositions of matter, means, methods, or steps. 
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